Bacteremia is associated with high morbidity and mortality, but the utility and optimal timing of follow-up blood cultures (FUBCs) remain undefined. To assess the optimal timing of FUBCs related to appropriate antibiotic therapy (AAT), adults with community-onset bacteremia and FUBCs after bacteremia onset were retrospectively studied during the 6-year period in two hospitals. Based on the time gap between the initiation of AAT and FUBC sampling, 1,247 eligible patients were categorized as FUBCs prior to AAT (65 patients, 5.2%), 0-3 days (202, 16.2%), 3.1-6 days (470, 37.7%), 6.1-9 days (299, 24.0%), and ≥9 days (211, 16.9%) after AAT. The prognostic impact of the growth of the same bacteria in FUBCs on 30-day mortality was evidenced only in patients with FUBCs at 3.1-6 days after AAT (adjusted odds ratio [AOR], 3.75; P < 0.001), not in those with FUBCs prior to AAT (AOR, 2.86; P = 0.25), 0-3 days (AOR, 0.39; P = 0.08), 6.1-9 days (AOR, 2.19; P = 0.32), and ≥9 days (AOR, 0.41; P = 0.41) of AAT, after adjusting independent factors of 30-day mortality recognized by the multivariable regression in each category. Conclusively, persistent bacteremia in FUBCs added prognostic significance in the management of adults with community-onset bacteremia after 3.1-6 days of AAT.
Microbiological methods. During the study period, standard procedures of blood-culture sampling included: (i) nurses performed blood sampling to collect two sets of blood cultures; (ii) each set of blood samples routinely consisted of one bottle for aerobic culture and another for anaerobic culture, with approximately 5-8 mL of blood in each bottle; and (iii) following sampling, culture bottles were immediately transported to the clinical laboratory department and incubated in a BACTEC 9240 instrument (Becton Dickinson Diagnostic Systems, Sparks, MD, USA) for five days at 35 °C. Bacteremic aerobic isolates were identified by the Vitek 2 system (bioMérieux, Durham, NC) and their antimicrobial susceptibility was determined by the disk diffusion method, based on the performance standards of CLSI in 2016 13 . Bacteremic isolates during the study period were prospectively stored for susceptibility testing, if the in vitro susceptibility of prescribed antimicrobial agents was not measured by the routine panel in the study hospital.
Statistical analyses. Statistical analyses were performed by the Statistical Package for the Social Science for
Windows (Version 20.0; Chicago, IL, USA). For the comparisons of category variables among different patient groups in varied time, Pearson chi-square test or Fisher exact, if the expected counts were less than 5, was used. Continuous variables were expressed as the mean values ± standard deviations and compared by the one-way analysis of variance among varied patient groups.
The impact of the growth of the same bacteria in FUBCs on 30-day mortality was studied by adjustment of independent predictors of 30-day mortality recognized in a hierarchical logistic regression model as the multivariable analysis, in which all the variables with a P value of less than 0.1 (or 0.2 for a small patient population) in the univariate analysis were included. A two-sided P value of less than 0.05 was considered to be significant.
Ethic Approval. The study was approved by the institutional review board of National Cheng Kung University Hospital (ER-100-182, 5 th ed. revision) and Sin-Lau Hospital (SLH 9919-108-006), and the requirement of obtaining informed consent was all waived by two hospitals.
Results
Demographics and clinical characteristics of study cohort. A total of 1,247 adults were eligible based on the inclusion and exclusion criteria ( Fig. 1 ). Their mean age was 66.9 years, and 698 (56.0%) were male. They had in average 1.8 FUBCs per patient (range, 1-9 blood cultures) and the median period between bacteremia onset and the first FUBC sampling was 6 days (interquartile range [IQR], 4-8 days). Their median (IQR) ED and hospital stay was 16.2 (6.0-28.1) hours and 19 days. Patients with a critical illness (Pitt bacteremia score ≥ 4) at bacteremia onset accounted for 21.8% (272 patients). Overall crude 15-day and 30-day mortality rate was 6.3% (78 patients) and 12.6% (157), respectively.
Ten common sources of community-onset bacteremia in our study were urinary tract infections, pneumonia, skin and soft-tissue infections, intra-abdominal infections, bone and joint infections, primary bacteremia, infective endocarditis, vascular catheter-related infections, biliary tract infections, and liver abscess ( Table 1) . Because there were 128 episodes of polymicrobial bacteremia, a total of 1,409 isolates were identified and common aerobic pathogens included Escherichia coli, Staphylococcus aureus, Streptococcus species, Klebsiella species, Enterococcus species, Pseudomonas species, Enterobacter species, Salmonella species, Acinetobacter species, and Proteus species ( Table 1) .
Growth of FUBCs in varied bacteremia sources and bacterial pathogens. Bacterial growth in
FUBCs was most commonly found in the case of infective endocarditis with indicated FUBCs, and in terms of causative aerobic pathogens, bacterial growth in FUBCs was most often noted in the case of Enterobacter bacteremia (Table 1) .
Clinical characteristics and causative pathogens in varied FUBC-timing groups. A total of 1,247
adults were categorized as five groups based on the FUBC timing related to AAT: 65 (5.2%) with FUBCs prior to AAT, 202 (16.2%) at 0-3 days, 470 (37.7%) at 3.1-6 days, 299 (24.0%) at 6.1-9 days, and 211 (16.9%) at >9 days of AAT ( Fig. 1) . Clinical characteristics and outcomes among five groups were compared in Table 2 . The similarity of patient demography (the elderly, gender, and nursing-home residents), comorbidities, comorbidity severity, and bacteremia severity at onset, was exhibited. However, there were significant differences in three bacteremia sources (primary bacteremia, vascular catheter-related infections, and infective endocarditis), the timing of FUBC sampling (i.e., time-to-FUBC) and AAT administration (i.e., time-to-AAT), the duration of hospital and ICU stay, and 15-day and 30-day crude mortality rate among five groups. Of a total of 1,409 aerobic isolates, the distribution of causative pathogens was shown in Table 3 , and the significant variation was present in streptococci and Acinetobacter species among five groups.
Impacts of bacterial growth in FUBCs among varied FUBC-timing groups. Of 65 patients with
FUBCs prior to AAT, clinical predictors of 30-day mortality through the univariate analyses included bacteremic pneumonia and nursing-home residents ( Table 4 ). In the multivariate analysis, two independent factors of 30-day mortality, fatal comorbidities (McCabe classification) and nursing-home residents, were recognized. Of note, the impact of bacterial growth in FUBCs on mortality was trivial (AOR, 2.86; P = 0.25).
Among 202 patients with FUBCs sampled at 0-3 days of AAT, the positive predictors of 30-day mortality recognized by the univariate analysis included fatal comorbidities, comorbid malignancies, a critical illness (Pitt bacteremia score ≥ 4) at bacteremia onset, Pseudomonas bacteremia, and bacteremic pneumonia, and a negative predictor was bacteremia due to urinary tract infections (Table 4 ). Although bacterial growth in FUBCs was linked to 30-day mortality (OR, 0.39, P = 0.03) in the univariate analysis, the association of bacterial growth of FUBCs and 30-day mortality was not evident (AOR, 0.39, P = 0.08), after adjusting independent predictors in the multivariable regression model. For 470 patients with FUBCs sampled at 3.1-6 days of AAT (Table 4) , the predictors of 30-day mortality recognized by the univariate analysis included inappropriate empirical antimicrobial therapy, nursing-home residents, fatal comorbidities, comorbidities of malignancies or neurological diseases, a critical illness at bacteremia onset, and bacterial growth of FUBCs. Most importantly, the adverse impact of bacterial growth of FUBCs remained significant (AOR, 3.75, P < 0.001) in the multivariate regression model.
Among 299 patients with FUBCs sampled at 6.1-9 days of AAT, the significant predictors of 30-day mortality in the univariate test included fatal comorbidities, comorbidities of hypertension, diabetes mellitus, liver cirrhosis, end-stage renal diseases, or malignancies, a critical illness at bacteremia onset, Pseudomonas, Enterobacter, or Klebsiella bacteremia, and bacteremic pneumonia ( Table 4 ). Of note, the impact of bacterial growth of FUBCs on 30-day mortality was not significant in the univariate analysis (OR, 2.36, P = 0.14) and multivariate regression model (AOR, 2.19, P = 0.32).
For 211 patients with FUBCs sampled after 9 days of AAT, the only predictor of 30-day mortality by the univariate analysis was a critical illness at bacteremia onset (Table 4) ; and bacterial growth of FUBCs was not associated with 30-day mortality in the univariate analysis (OR, 0.31, P = 0.24) and multivariate regression model (AOR, 0.41, P = 0.41).
Discussion
Generally, clinicians agree that the best way to achieve a rapid onset of antibacterial action in antimicrobial therapy is through intravenous administration of antibiotics. However, over the past 20 years, economic pressure had changed the medical culture from conventional intravenous therapy for the entire therapeutic course to early oral switch or home parenteral administration of antibiotics. Therefore, many clinical trials have comprehensively studied the role of FUBCs in specific pathogens and bacteremia foci. For example, FUBCs have been recommended for S. aureus bacteremia 2,3 and infective endocarditis 3, 18 but appeared to be unnecessary in the management of Klebsiella pneumoniae 19 or Gram-negative bacillary bacteremia 4, 5 . In addition, the evidence supporting that bacterial growth in FUBCs among patients receiving active antimicrobial therapy results in a poor prognosis was lacking, and little is known for the optimal timing of FUBC sampling after the initiation and AAT. Herein, focusing on community-onset bacteremia, the differential impact of bacterial growth in FUBCs on patient outcomes by variable timing of FUBCs was addressed.
Generally speaking, breakthrough bacteremia was regarded as the development of bacteremic episode despite therapeutic administration of antimicrobials active in vitro against the causative organism 20 . Such a clinical setting is linked to an increasing risk of death and a need of prolonged antibiotic therapy and hospitalization 20, 21 . However, there is no current consensus regarding the duration of treatment or timing of FUBCs to detect breakthrough bacteremia. Herein, we focused on the time lapse between antimicrobial administration and steady serum drug concentrations for optimization of antimicrobial therapy, and thus the cutoff point selected was 3 days after AAT. More importantly, the episodes of breakthrough bacteremia by FUBCs found in 3.1 to 6 days after Table 4 . Risk factors of 30-day crude mortality in patients with follow-up blood culture (FUBC) sampled at different time related to appropriate antibiotic therapy (AAT). CI = confidence interval; OR = odds ratio.
AAT had the most significant prognostic impact in our cohort, suggestive of the cost-effective timing of FUBCs in the cases of community-onset bacteremia. In the literature, FUBC sampling has been recommended as a standard of care to reduce the case fatality rate of S. aureus bacteremia 2,3 , but not for Gram-negative bacillary bacteremia 4, 5 . However, bacterial growth in FUBCs was most commonly found in the cases of Enterobacter bacteremia (36.4%) herein. Such a discrepancy might come from the fact that essential determinants of FUBC growth, such as bacteremia sources, adequacy of source control, timing of ATT, and bacteremia severity, were not compressively concerned in published reports, but were analyzed in the present study.
Several limitations are inherent in the study design. First, medical records could not exploit the reasons why FUBCs were ordered in approximately one third of hospitalized adults with community-onset bacteremia. Because the distribution of causative pathogens in those with FUBCs was similar to that in our published cohort 10 , the concern for selection bias might be neglected. Second, the dissimilarity of bacteremia sources, causative pathogens, and the duration of hospitalization was observed in various timing groups of FUBC sampling, but in the multivariate regression model, these confounding factors were controlled to reduce their interference with the prognostic effects of FUBC growth. Finally, the practices and indications for FUBC samplings might vary among hospitals and the indications of FUBC sampling in our study were not predetermined. We did not investigate the sampling frequency of FUBCs among varied bacteremia sources and causative pathogens, but showed the data of persistent bacteremia in specific subgroups with indicated FUBCs. Therefore, our results cannot be extrapolated to directly reflect the needs of FUBCs for specific infection sources (such as bone and joint infections) or causative pathogens (such as Enterobacter or Acinetobacter bacteremia). More prospective clinical studies with indicated FUBCs are warranted to reveal clinical utility of routine FUBCs.
Conclusively, the present study indicates that appropriate timing of FUBCs can find the prognostic significance of bacterial growth in FUBCs in the management of community-onset bacteremia. Accordingly, FUBC sampling at 3-6 days after the initiation of AAT is suggested.
